SUMMARY Twenty-four patients who had undergone mitral valve surgery for pure non-rheumatic mitral regurgitation were studied non-invasively six months to six years postoperatively. The long-term results of operation were assessed on the basis of clinical history, echocardiography, and treadmill stress testing using a points scoring system. The score so obtained was used to divide the patients into those with a good response to surgery (group 1) and those responding poorly (group 2). The effects on the long-term surgical outcome of several intraoperative and preoperative factors were then analysed both together and separately.
The purpose of the present study was to assess the influence of (a) intraoperative factors, and (b) the preoperative functional status of the left ventricle as determined by clinical, haemodynamic, and angiographic indices on the long-term surgical outcome of a group of patients with pure nonrheumatic mitral regurgitation. On the basis of the preoperative indices an attempt was made to define criteria which would indicate the optimum time for surgery in such patients.
Subjects and methods
The study group consisted of 24 patients (15 men and nine women) who had survived mitral valve surgery for pure non-rheumatic mitral regurgitation and who consented to further investigation (Table 1) . All patients were operated on from 1973 to 1978 and in all cases at least six months and no more than six years had elapsed since operation. A further six patients who fulfilled the inclusion criteria either could not be contacted or refused consent.
All 24 patients had undergone cardiac catheterisation and data from left ventriculography were available in 20 of these. Patients with mitral stenosis or more than trivial disease of other valves were excluded, as were those with clinical or angiographic evidence of coronary artery disease preoperatively. In fact, 16 of the 24 patients had undergone selective coronary angiography and in these no critical lesions (>50% of the luminal diameter) were demonstrated. In the eight patients who did not have coronary angiography, the absence of coronary artery disease was not proven but was assumed on the basis of (i) lack of relevant symptoms and signs either preoperatively or between operation and restudy in all patients, and (ii) lack of wall motion abnormalities on left ventriculography in the four patients who had left ventriculography but not coronary angiography.
All patients underwent non-invasive assessment consisting of the following:
(a) Clinical history and examination-particular attention being paid to symptomatology (New York Heart Association Classification: NYHA) and the degree of subjective improvement since operation. Clinical evidence of prosthetic valve dysfunction or paraprosthetic leak was sought.
(b) M-mode echocardiography-scanning was with a poor response to surgery). In view of the relatively small numbers of patients in the study such a dichotomy resulted in there being insufficient data to analyse more than three factors simultaneously.
In the GLIM program a model incorporating the chosen factors is fitted to the given data. Each factor is then excluded in turn and any worsening of the fit between the remaining model and the data is assessed. In this way, the effect of each factor may be analysed having allowed for all others.
To obtain maximum information the results were analysed by all three approaches.
Results
The clinical, echocardiographic, and stress test results are shown in 1 (56 9 ±3 9 years) and group 2 (57-2 ±2-0 years) was found.
(2) Length of history (Fig. 1) The duration of the presenting symptoms varied considerably from two months to 16 years. The mean for all 24 patients was 32 0 months ±8 7. In group 1 the mean duration of symptoms before operation was 10-2 ± 12-3 months which was significantly shorter (p < 0 05) than for group 2 (47-6 ± 10-4). Fig. 1 (3) Left ventricular end-diastolic volume index ( Fig. 2) The mean left ventricular end-diastolic volume index (ml/m2) (calculated as left ventricular end-diastolic volume ml/body surface area m2) for group 1 was 94 1 ±12-2 ml/m2 and that for group 2 was 146-4 11.1 ml/m2. The difference was highly significant (p <0 01). In addition, Fig. 2 indicates that seven out of nine (78%) group 1 patients on whom angiographic data were available had an index of 100 ml/ (Fig. 4) . Of interest, however, was the finding that all three patients with an ejection fraction <0'5 responded poorly to surgery. In group 1 the mean Similarly, in group 2 the preoperative (angiographic) ejection fraction fell significantly (p <0-05) from 055 ±0O05 to 0 40 ±004 postoperatively (Fig. 5) . These drops in ejection fraction after operation did not differ significantly (p > 0O5) between the two groups.
(b) No significant difference between the two groups was found on the basis of preoperative angiographic peak circumferential shortening velocity (VCF), percentage regurgitant volume (% RV), cardiac index, or stroke volume index. Comparison of preoperative (angiographic) peak VCF with postoperative (echocardiographic) mean VCF showed a significant reduction after operation in both groups of patients (Fig. 6 ). This reduction was equally significant in patients with good and poor surgical results (p > 1-0 for unpaired Student's t test comparing changes in VCF after surgery in the two groups). Analysis of the grouped data by GLIM allowed simultaneous assessment of any three factors. Length of history, left ventricular end-diastolic volume index, and type of valve prosthesis were the variables included in the model. By exclusion of each in turn, the effect of any one could be gauged allowing for the influence of the other two (but not, of course, for variables not included in the model, for example presence of atrial fibrillation, type of myocardial preservation, etc.). Analysed in this way, length of history (p <0-001), left ventricular enddiastolic volume index (p < 0001), and type of prosthesis (p < 0-01) were all significant in determining long-term postoperative function. Thus, it is apparent that the effects of the length of history and of left ventricular end-diastolic volume index become more significant when allowance is made for other factors in the model. Similarly, type of valve (Bjork-Shiley versus Starr-Edwards), which was on the borderline of conventional significance on standard x2 testing, is shown as being a significant variable when allowance is made for length of history and left ventricular end-diastolic volume index.
Discussion
The haemodynamic consequences of significant mitral regurgitation result from two mechanisms.
Firstly, a volume overload (increased preload) is presented to the left ventricle which requires an increase in total left ventricular stroke work and hence increased myocardial oxygen consumption (MVO2). Secondly, the onset of mitral regurgitation reduces the overall impedance to left ventricular emptying by providing a low impedance outlet (left atrium) in parallel with the systemic circuit. The resulting decrease in afterload permits left ventricular contractile activity to be manifest as enhanced velocity and extent of fibre shortening, rather than as wall tension development.14 This is closely analogous with isolated muscle experiments which show developed tension to be inversely related to fibre shortening.'5 These changes may be reflected clinically, as enhanced total (angiographic) left ventricular output, ejection fraction, and VCF. Systolic left ventricular pressure also tends to decline more rapidly for an equivalent amount of preload, and, since peak left ventricular and aortic pressures are not significantly altered, integrated left ventricular wall tension (a major determinant of myocardial 02 consumption) declines more rapidly than normal.14 The net effect is a stressed left ventricle with increased work load though, initially at least, the increased total stroke volume is expelled relatively efficiently since a greater portion of myocardial oxygen consumption is spent on muscle shortening than on tension development.
A myocardium with good contractile function copes with this stress adequately for a time, but as its inotropic reserve is exhausted compensatory mechanisms become essential to maintain functionprincipally progressive left ventricular dilatation and eccentric hypertrophy'6; heterometric autoregulation (Frank-Starling effect); and a decrease in elastic modulus.'7 An enlarging left ventricle would thus signify impaired contractility and an increasing inability to cope with the stress of mitral regurgitation. In the present study, this has been borne out by the significantly larger mean left ventricular end-diastolic volume index preoperatively in those patients who had unsatisfactory long-term results from operation (146-4±11-1 ml/m2) than in those responding well (94-1 ± 12-2 ml/m2). Indeed, 78 per cent in group 1 had a left ventricular end-diastolic volume index < 100 ml/m2, while 100 per cent in group 2 had an index greater than 100 ml/m2 implying that this level is critical. An index within the normal range thus indicates a myocardium which is coping well with the increased workload. Values greater than 100 ml/m2 mean that left ventricular dilatation has occurred to compensate for impaired functional reserve and this is associated with poor long-term surgical results (group 2). The adverse prognostic significance of a large left ventricle found in this study is in close agreement with a recent report that patients with a large rise in pre-mitral valve replacement echocardiographic end-diastolic dimensions undergo progressive deterioration of left ventricular function at long-term follow-up. '8 The duration of significant mitral regurgitation, as reflected by the length of symptomatic history, was also found to be of prognostic importance. This concurs with the work of Bonchek et al.3 whose prognostic index (a combination of duration of disabling symptoms and response to medical therapy) proved to be the best of 19 preoperative variables at predicting postoperative improvement. In our study, the history was significantly shorter in group 1 (mean 10-2 ± 12-3 months) than in group 2 (mean 47-6 ±10-4 months). When symptomatic mitral regurgitation was present for one year or more before operation, 79 per cent had a poor outcome, whereas 80 per cent of patients with shorter histories did well. It thus appears that the longer the symptomatic mitral regurgitation is present, the greater is the risk of myocardial impairment and thus of reduced benefit from surgery. One year was found to be the critical time when such changes become apparent indicating that surgery is optimally timed before this.
Simultaneous consideration of left ventricular end-diastolic volume index (> 100 ml/m2) and length of history (> 1 year) defined a small subgroup of patients who universally responded badly to operation (Fig. 3 ). This combined index was more specific than either alone. The only haemodynamic factor differing significantly (0.02 < p < 0 05) between the two groups was the post-ectopic potentiation of KV Hence, the results of this study support the concepts that in the presence of significant nonrheumatic mitral regurgitation, the contractile state of the left ventricular myocardium at the time of mitral valve operation and the design of the prosthetic valve inserted are the prime determinants of the surgical outcome, and that progressive impairment of contractility is consequent upon longstanding uncorrected disease (Fig. 8) . It 
